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(54) METHOD AND APPARATUS FOR CHARGED PARTICLE LITHOGRAPHY 

(57)Abstract: 

PURPOSE: To exhibit the effect of a CP lithography 
method sufficiently and realize the lithography whose 
throughput is significantly high by a method wherein the 
stage speeds of the respective combinations of 
candidate cells are calculated from the lithography time 
by a variable forming beam only and the reduced 
lithography times which are obtained when the 
respective candidate cells are characterized and the 
lithography time is introduced from the respective stage 
speeds. 

CONSTITUTION: Lithpgraphy time required to plot the 
sample areas by using basic pattern apertures only and 
respective reduced time when respective candidate cells 
are characterized and plotted are obtained for all the 
sample areas. Then the sum of the reduced time 
corresponding to all the combinations formed by the 
respective candidate cells in aperture masks 36 are 
deducted from the lithography time to calculate the 
lithography time in respective sample areas. The frame 

lithography time is obtained from the lithography time of the sample area which shows the 
longest lithography time in that frame. The combination of the candidate cells which offers the 
shortest lithography time in the whole lithography region is formed on the aperture mask 36. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Carrying out continuation movement of the stage in which the sample was 
laid using the aperture mask with which the aperture for elementary figures for 
forming the shaped beam corresponding to an elementary figure and the aperture for 
characters which is repeatedly equivalent to a pattern were formed In the electric 
charge beam drawing method which draws the drawing field (frame) divided into 
predetermined width of face one by one It considers as the candidate cell which 
should extract the pattern repeatedly used out of the data of the request which 
should draw, respectively, and should be made a character cell. The aforementioned 
frame is virtually divided in the stage continuation move direction to a small field 
(sample area). After calculating each shortening time deltaAc at the time of 
character-izing this cell and drawing to the drawing time A required drawing this 
sample area only using the aperture for elementary figures, and each candidate cell 
about all sample area, By choosing the predetermined number of the aperture for 
characters formed in the aforementioned aperture mask from each candidate cell, 
creating all combination, and lengthening the sum of corresponding shortening time 
deltaAc from the drawing time A to all combination Compute the drawing time in each 
sample area, and the drawing time T of the sample area where the drawing time in 
each aforementioned frame is the longest is found. The drawing time of each frame is 
found by xT. (Width of face of the length / sample area of a frame) The electric charge 
beam drawing method characterized by computing the drawing time of all the drawing 
fields given by the sum of such frame drawing time, searching for the combination of a 
candidate cell with the shortest drawing time of all drawing fields, and forming the 
aperture pattern on the aforementioned aperture mask in this combination. 
[Claim 2] Electric charge beam drawing equipment which draws a request pattern 
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combining the character beam formed in the same configuration as the repeat unit 
which is characterized by providing the following, and which appears repeatedly in the 
pattern which should draw, and the basic form-like beam fabricated in the shape of [, 
such as a rectangle and a rectangular equilateral triangle, ] a basic form. The drawing 
data origination means for creating drawing pattern data from the design pattern data 
of LSI is the hierarchical graphic-data-processing section which performs graphic 
data processing predetermined in the state where the hierarchical reference structure 
which design pattern data have was maintained. The layered structure recombination 
processing section which reconfigurates design pattern data-hierarchy structure 
beforehand in order to make the aforementioned hierarchical graphic data processing 
possible, The character determination processing section which divides the pattern 
data after the aforementioned hierarchical graphic data processing into the pattern 
group which draws by the character beam, and the pattern group which draws with the 
combination of a basic form-like beam, The character control-code substitution 
processing section which replaces the pattern group which draws by the 
aforementioned character beam by the control code which shows the classification of 
the shape of beam, The drawing data output section classified by drawing field 
assigned to the unit field which can draw the control code which shows the graphic 
data of a pattern and the classification of the aforementioned character beam which 
draw by the aforementioned basic form-like beam. 

[Claim 3] The aforementioned character determination processing section analyzes 
the result of the aforementioned graphic data processing by making into a unit the 
pattern group (cell) which became a batch on the occasion of the aforementioned 
hierarchical graphic data processing. The cell information analysis processing which 
computes a cell identification number, the number of cell references, a cell size, a 
basic form-like beam conversion shots per hour, and a character beam conversion 
shots per hour, The first character-ized candidate cell selection processing which 
chooses the high cell of a character-ized effect as a characterized candidate cell, 
Character-ized candidate cell reconstruction processing in which the content of a 
pattern definition of the cell chosen as a candidate cell is processed, The second 
character-ized candidate cell selection processing which chooses a predetermined 
number from the reconfigurated candidate cell, It consists of character-ized effect 
evaluation processings in which a character-ized effect is evaluated about the 
combination of the selected cell. Electric charge beam drawing equipment according 
to claim 2 characterized by repeating character-ized candidate cell reconstruction 
processing, the second character-ized candidate cell selection processing, and 
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characterHzed effect evaluation processing, and determining the combination of a 
suitable characterHzed cell. 

[Claim 4] The pattern with which the circumscription rectangle of a pattern existence 
region is defined for the aforementioned characterized candidate cell reconstruction 
processing in the cell below predetermined size, Or partial hierarchy expansion down 
stream processing which develops the pattern defined in the specified cell in the cell 
which is referring to the cell concerned, Partial extraction down stream processing 
which extracts the figure group in a cell partially and is newly defined as a cell, Pattern 
recognition down stream processing it will be considered that is the same cell if its 
pattern configuration defined as the interior is the same, although cell identification 
numbers differ, Array reconstruction down stream processing divided with the 
maximum beam size after developing the cell array concerned within the limits of it in 
quest of the reference pitch of a cell and the least common multiple of the maximum 
beam size by which array reference is carried out, electric charge beam drawing 
equipment according to claim 3 characterized by carrying out shell composition. 
[Claim 5] The electric-charge beam drawing equipment according to claim 2 
characterized by to compute a difference with the drawing time at the time of drawing 
by the drawing time and the character beam at the time of drawing by the basic 
fornrHike beam as an evaluation norm at the time of evaluating the character-ized 
effect in the aforementioned character determination processing section, and only for 
a predetermined number to character-ize the high cell of a character-ized effect. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the electric charge beam drawing 
method and drawing equipment which carry out package exposure of the repeat 
pattern section represented by especially the memory device with respect to the 
electric charge beam drawing technology for drawing the pattern of semiconductor 
integrated circuits, such as LSI, at high speed and with high precision in samples, such 
as a mask and a wafer. 
[0002] 

[Description of the Prior Art] Since an electron beam machine can amend a deviation, 
and distortion and aberration of a beam electrically, it has the advantage in which 
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precision is high, and is widely used as an LSI development tool and a mask 
manufacture tool now while being able to draw the very detailed pattern equivalent to 
a beam diameter. 

[0003] Although the equipment which draws by the Gaussian beam or the variable 
shaped beam in the so-called way of a picture drawn without lifting the brush from the 
paper was in use conventionally as this electron beam machine, the more the pattern 
was detailed and became complicated, the shots per hour increased and, the more 
there was a fault that a throughput fell, then, transparency of a large number 
corresponding to each repeat Batang configuration paying attention to many of basic 
circuits of recently and a semiconductor integrated circuit being the repeats of the 
same Batang — the electron beam machine of the package exposure (it omits 
character projection and Following CP) method equipped with the mask (it is hereafter 
called a aperture mask) in which the hole was formed is developed 
[0004] By the way, including all of the figure which appears repeatedly, or a figure 
group in a aperture mask in the electron beam machine of continuous path control 
needs to draw by eye an impossible hatchet, and the remainder needs to draw in the 
combination of an elementary figure. Therefore, drawing time changes to a aperture 
mask by a figure group [ which figure or ] is incorporated. That is, it is very important 
to choose a thing suitable as a pattern for including in a aperture mask when raising 
the throughput of drawing. 

[0005] As 1st conventional example, high effectiveness is set as the order whose total 
of an exposure shot decreases to this candidate block data while extracting the 
pattern data repeatedly used in JP,5-13313,A out of pattern data, dividing these 
pattern data for every predetermined size and considering as candidate block data, 
and it constitutes so that it may have a block pattern extraction means to extract the 
block pattern of a predetermined number alternatively out of this candidate block data. 
[0006] As 2nd conventional example, the feature figure or the feature figure group 
which requires many shots per hours by the case where it is assumed out of the 
feature figure which appears repeatedly in Batang which should draw as a pattern built 
into a aperture mask in JP,4-320021,A, or the feature figure group that the shot was 
carried out in the combination of the shaped beam corresponding to the 
aforementioned aperture for elementary figures is chosen preferentially, it forms, and 
lessening the total of an exposure shot is indicated. 

[0007] By the way, there are some which are called stage continuation move drawing 
method which draws while moving continuously in the sample base (stage) on which 
the wafer which should be drawn was put in an electron beam machine. As shown in 



drawing 16 , this method is a method which draws per frame and goes, dividing by the 
.width of face (frame) which can deflect [ of an electron beam ] all drawing fields, and 
moving continuously on a stage. In addition, let stage speed be a fixed thing with each 
frame. 

[0008] By such electron-beam-lithography method of stage continuation movement, 
the drawing time of each frame is given at (frame length / stage speed), and the 
drawing time of the whole drawing field is given by the sum of the drawing time of this 
frame, and the sum of the time of overheads, such as time of the clinch in a stage 
edge. Therefore, by this method, in order to decide drawing time by stage speed and to 
raise a drawing throughput, it needs to optimize stage speed as much as possible, and 
needs to accelerate. 

[0009] As 3rd conventional example, the electric charge beam drawing method that it 
can ask for the optimal traverse speed of a stage simply is proposed by JP,4-61221,A, 
without actually moving a stage. The sum B of the maximum drawing time equivalent 
to the number of the small fields estimated as the value A which found the required 
drawing time which drawing takes for every sample area, assumed that it moved at a 
certain fixed speed on the stage, found the maximum drawing time of the small field in 
this speed, evaluated the small field in a frame by this method sequentially from the 
edge, and added the required time of each smallness field is compared. And it made 
into the decision criterion whether to exceed the sum C of the maximum drawing time 
when such difference A-B is contained in the maximum beam deflection width of face, 
and the abbreviation maximum stage traverse speed to which A-B does not exceed C 
is determined. 

[0010] Thus, in the electron-beam-lithography method which adopted continuous 
path control, high effectiveness is set as the order whose total of an exposure shot 
decreases to the extracted candidate block data, and the method determined as a 
block which extracts the block pattern of a predetermined number from a candidate 
block alternatively, and carries out CP exposure is taken. 

[001 1] However, in the case of a stage continuation move drawing method, finally, it 
decides on drawing time in the form of stage speed. The stage speed of each frame is 
decided by the distribution of the roughness and fineness of not only the total of the 
shots per hour in a frame but a shots per hour, the arrangement format of a cell data, 
etc. For this reason, by the electric charge beam drawing method of stage 
continuation movement, there was a trouble that stage speed did not change, 
therefore the throughput of drawing did not improve with the arrangement format of 
the distribution of the roughness and fineness of a shots per hour or a cell data etc. 
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even if it adopts it as the order whose total of an exposure shot decreases as a CP 
cell. 

[0012] Moreover, a total combination which selects the candidate cell of a 
predetermined number and can do it from CP candidate cell is created, stage speed 
and drawing time are computed about each of combination, and the method of 
choosing the combination to which drawing time becomes the shortest is expected so 
that it may be easily guessed from the 3rd conventional example. However, by this 
method, in order to find each drawing time with the application of the method of the 
conventional example of a repeat 3rd about each of total combination, the problem 
that the time of the processing becomes huge is expected. 

[0013] On the other hand, when drawing a circuit pattern using the electron beam 
exposure system which adopted continuous path control, it is necessary to change 
the design pattern data created using circuit pattern-design tools, such as CAD 
(Computer Aided Design), into the electron-beam-lithography data format which 
fulfilled conditions, such as specification of the data format which can be inputted into 
an electron beam exposure system, i.e., a drawing method, and drawing equipment. 
Generally such "transform processing from a design data to drawing data" is called 
"electron-beam-lithography data conversion." It is as follows when the content of 
processing of electron-beam-lithography data conversion required for conventional 
VSB-system drawing equipment is summarized. 

(1) Boolean operations of figure between layers (AND, OR, NOT, etc.) 

(2) Pattern duplication removal (it is the purpose about prevention of multiplex 
exposure) 

(3) Resizing (thicker/narrowing) 

(4) Scale-factor amendment (expansion/reduction) 

(5) Spin compensation (rotation/mirror image) 

(6) Division of a drawing field unit (it divides by boundary lines, such as a subfield field 
/ frame field) 

(7) Elementary figure division (they are division/approximation to the elementary 
figure which can be inputted into drawing equipment) 

(8) Data-format conversion (it changes into a transcription peculiar to drawing 
equipment, and is an output) 

When designing a circuit pattern, a designer defines the figure group first called cell, 
this is called and arranged within another cell, and the whole pattern is constituted by 
combining many cells. By performing the above-mentioned graphics processing, with 
the hierarchical cell reference structure maintained which such a design data has, 
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shortening of the processing time of drawing TETA conversion and compression of 
the drawing amount of data are achieved. Such processing technique is called 
hierarchical graphic data processing. 

[0014] The regular pattern of the drawing equipment which adopted continuous path 
control is continuous path control, and an irregular pattern draws by the VSB system. 
Therefore, in addition to the above-mentioned function, in the drawing 
data-conversion processing corresponding to continuous path control, data 
processing which separates the pattern which carries out VSB drawing by the basic 
form-like beam, and the pattern which carries out CP drawing by the character beam 
is needed. 

[0015] This separation processing needs to search for regularity from the figure of a 
large number which constitute a circuit pattern, and needs to extract the 
unit-hydrograph form group of the repeat as a character configuration. Two points, 
extract [ not generating the error on drawing data, such as duplication and a gap, 
between a VSB drawing pattern and CP drawing pattern in that case and ] efficiently a 
set of the character figure which makes a drawing throughput the optimal, are 
important. It is necessary to ask for a set of the character figure from which a drawing 
throughput serves as best under the limit of the number of character kinds, and the 
maximum beam size based on equipment specification, and the processing is very 
complicated in especially the latter. For this reason, data-processing time became 
long and there was a problem of also reducing the throughput of the whole drawing 
system. 
[0016] 

[Problem(s) to be Solved by the Invention] Thus, conventionally, by the electric 
charge beam drawing method of stage continuation movement which adopted 
continuous path control, since it finally decided on drawing time in the form of stage 
speed, even if it adopted it as the order whose total of an exposure shot decreases as 
a CP cell, stage speed changed neither with the distribution of the roughness and 
fineness of a shots per hour, nor the arrangement formats of a cell data, therefore 
there was a problem that the throughput of drawing did not improve. Furthermore, by 
the method guessed from the 3rd conventional example, in order to find each drawing 
time with the application of the method of the conventional example of a repeat 3rd 
about each of all combination, the problem that the time of the processing becomes 
huge is expected. 

[0017] Moreover, in the electric charge beam drawing equipment which adopted 
continuous path control, in order to create drawing data from a design data, graphic 
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data processing which separates the pattern which carries out VSB drawing by the 
basic form-like beam, and the pattern which carries out CP drawing by the character 
beam was needed, the data-processing time for this separation processing became 
long, and there was a problem of also reducing the throughput of the whole drawing 
system. 

[0018] it is in offering the electric charge beam drawing method that this invention 
was able to be made in consideration of the above-mentioned situation, the place 
made into the purpose can fully demonstrate the effect of CP drawing method, very . 
high drawing of a throughput can be performed, and the decision which is CP cell 
which should moreover be formed in a aperture mask can be made easily 
[0019] Moreover, it is for offering the electric charge beam drawing equipment which 
can also maintain adjustment with the pattern which other purposes of this invention 
can extract easily the figure group which carries out package drawing by the 
character beam from design pattern data, and carries out VSB drawing, can create 
drawing data, shortens the time which drawing data origination takes, and can aim at 
improvement in a drawing throughput. 
[0020] 

[Means for Solving the Problem] The main point of this invention once calculates 
drawing time deltaAc shortened when the drawing time A at the time of using only the 
variable shaped beam of each sample area and each CP candidate cell c are 
character— ized about all sample area, and is to compute the drawing time drawn from 
A and delta Ac the stage speed of each combination of CP candidate cell, and from 
now on. 

[0021] Namely, the aperture mask with which the aperture for elementary figures for 
forming the shaped beam corresponding to an elementary figure and the aperture for 
characters which is repeatedly equivalent to a pattern were formed is used for this 
invention (claim 1). In the electric charge beam drawing method which draws the 
drawing field (frame) divided into predetermined width of face one by one while 
carrying out continuation movement of the stage in which the sample was laid It 
considers as the candidate cell which should extract the pattern repeatedly used out 
of the data of the request which should draw, respectively, and should be made a 
character cell. A frame is virtually divided in the stage continuation move direction to 
a small field (sample area). After calculating each shortening time deltaAc at the time 
of character-izing this cell and drawing to the drawing time A required drawing this 
sample area only using the aperture for elementary figures, and each candidate cell 
about all sample area, By choosing the predetermined number formed in a aperture 
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mask from each candidate cell, creating all combination, and lengthening the sum of 
corresponding shortening time deltaAc from the drawing time A to all combination 
Compute the drawing time in each sample area, and the drawing time T of the sample 
area where the drawing time in each frame is the longest is found. The drawing time of 
each frame is found by xT. (Width of face of the length / sample area of a frame) The 
drawing time of all the drawing fields given by the sum of such frame drawing time is 
computed, the combination of a candidate cell with the shortest drawing time of all 
drawing fields is searched for, and it is characterized by forming the aperture pattern 
on a aperture mask in this combination. 

[0022] Here, the following are raised as a desirable embodiment of this invention. 

(1) Set up the traverse speed of a stage the optimal for every frame. Drawing time of 
the sample area which starts most in a frame as for drawing time is more specifically 
set to T, and stage traverse speed is set up by the width of face/T of sample area. 

(2) Search for the combination of a candidate cell, seting as constant the number of 
the character cells formed in a aperture mask. 

(3) Make adjustable the number of the character cells formed in a aperture mask with 
the size of a candidate cell, and search for the combination of a candidate cell. More 
specifically, as the sum of the area of each candidate cell goes into predetermined 
within the limits, the combination of a candidate cell is searched for. 

[0023] Moreover, another main point of this invention replaces the figure group which 
determines and character-izes the configuration of a character beam by the 
continuous-path-control code by making the figure group (cell) used as the batch of 
hierarchical graphic data processing into a unit in advance of the processing which 
separates the pattern by which VSB drawing is carried out, and the pattern by which 
CP drawing is carried out, and is for constituting drawing data-conversion processing 
so that a VSB drawing pattern and a continuous-path-control code may be outputted 
as drawing data per drawing field. 

[0024] Namely, the character beam formed in the configuration as the repeat unit 
which appears repeatedly in the pattern which should draw where this invention (claim 
2) is the same, In the electric charge beam drawing equipment which draws a request 
pattern combining the basic form-like beam fabricated in the shape of [, such as a 
rectangle and a rectangular equilateral triangle, ] a basic form The hierarchical 
graphic-data-processing section which performs graphic data processing 
predetermined in the state where the hierarchical reference structure where design 
pattern data had a drawing data origination means for creating drawing pattern data 
from the design pattern data of LSI was maintained, The layered structure 
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recombination processing section which reconfigurates design pattern data-hierarchy 
structure beforehand in order to make hierarchical graphic data processing possible, 
The character determination processing section which divides the pattern data after 
hierarchical graphic data processing into the pattern group which draws by the 
character beam, and the pattern group which draws with the combination of a basic 
form-like beam, The character control-code substitution processing section which 
replaces the pattern group which draws by the character beam by the control code 
which shows the classification of the shape of beam, It is made to carry out shell 
composition with the drawing data output section classified by drawing field assigned 
to the unit field which can draw the control code which shows the graphic data of a 
pattern and the classification of a character beam which draw by the basic form-like 
beam. 

[0025] Here, the following are raised as a desirable embodiment of this invention. 

(1) Analyze the processing result of hierarchical graphic data processing for a cell as a 
unit in the character determination processing section. The cell information analysis 
processing which creates the chart which consists of a cell identification number, the 
number of cell references, a cell size, a basic form-like beam conversion shots per 
hour, and a character beam conversion shots per hour, The first characterized 
candidate cell selection processing which chooses the high cell of a characterized 
effect as a character candidate cell, Character-ized candidate cell reconstruction 
processing in which the content of a pattern definition of the cell chosen as a 
candidate cell is processed, The second character-ized candidate cell selection 
processing which chooses only a predetermined number from the reconfigurated 
candidate cell, Processing called character-ized effect evaluation processing in which 
a character-ized effect is evaluated about the combination of the selected cell is 
performed. Repeat character-ized candidate cell reconstruction processing, the 
second character-ized candidate cell selection processing, and character-ized effect 
evaluation processing, and determine the combination of a suitable character-ized cell. 

(2) In character-ized candidate cell reconstruction processing The partial hierarchy 
expansion processing which develops the pattern with which the circumscription 
rectangle of a pattern existence region is defined in the cell below predetermined size, 
or the pattern defined in the specified cell in the cell which is referring to the cell 
concerned, The pattern recognition processing whose pattern configuration defined as 
the interior considers that the same cell is the same cell although cell names differ, 
The array reconstruction processing divided with the maximum beam size after 
developing the cell array concerned within the limits of it in quest of the reference 
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pitch of a cell and the least common multiple of the maximum beam size by which 
array reference is carried out, Process the pattern in a cell combining the partial 
extraction processing which extracts partially and is newly used as a cell. 

(3) Compute a difference with the drawing time at the time of drawing by the drawing 
time and the character beam at the time of drawing by the basic form-like beam as an 
evaluation norm at the time of the character determination processing section 
estimating a character-ized effect, and only a predetermined number should 
character—ize the high cell of a characterized effect. 

(4) Perform figure division on figures duplication removal, the boolean operation of 
figure between layers, and a unit deviation field boundary, resizing processing, etc. as 
graphics processing in the character determination processing section. 

[0026] 

[Function] Once it calculates shortening time deltaAc at the time of characterizing 
the drawing time A required drawing sample area only using the aperture for 
elementary figures according to the method of this invention (claim 1), and a candidate 
cell, and drawing, the drawing time of all the combination of CP candidate cell can be 
found simply after this. Consequently, drawing time can choose easily the combination 
of the candidate cell which is the shortest. That is, extraction of CP candidate cell for 
fully demonstrating the effect of CP drawing method and performing very high drawing 
of a throughput is obtained by short-time efficient processing. 

[0027] Moreover, since according to this invention (claims 2-4) hierarchical graphic 
data processing is performed before separating a VSB drawing pattern and CP 
drawing pattern, the drawing data of the request which does not have error parts, 
such as duplication or a gap, among both can be created in a short time. For this 
reason, the data-processing time for separation processing becomes short, and it 
becomes possible to raise the throughput of the whole drawing system of it. 
[0028] Moreover, the same cell as the batch of hierarchical graphics processing is 
first extracted as a first character candidate in a unit, and since 2 stage selection 
method by which a characterized effect is evaluated again is adopted after 
performing candidate cell reconstruction processing of division, fusion, etc., the 
combination of a suitable character figure can be determined in a short time. 
Furthermore, since the time difference of VSB drawing and CP drawing estimates a 
characterized effect, the suitable character set based more on reality can be 
determined. 

[0029] In view of the inclination of detailed-izing of LSI in recent years, and high 
integration, the problem and bird clapper with serious processability ability of electric 
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charge beam drawing equipment are expected. On the other hand, drawing equipment 
equipped with the creation means of drawing data like this invention not only can 
shorten the processing time which drawing data conversion corresponding to CP 
drawing method takes, but it can also raise drawing processability ability 
simultaneously and the usefulness is size. 
[0030] 

[Example] Hereafter, the example of this invention is explained with reference to a 
drawing. 

(Example 1) Drawing 1 is the outline block diagram showing the electron beam 
machine used for the 1st example of this invention. Ten in drawing is a sample room 
and the table (stage) 12 which laid the samples 1 1, such as a semiconductor wafer or 
a glass mask, is held in this sample room 10. A table 12 is driven by the table drive 
circuit 13 in the direction of X (space longitudinal direction), and the direction (the 
direction of the space table reverse side) of Y. And the position of a table 1 2 is 
measured by the position circuit 14 which used the laser length measurement meter 
etc. 

[0031] The electron beam optical system 20 is arranged above the sample room 10. 
This optical system 20 consists of an electron gun 21, the various lenses 22-26, the 
deflecting system 31 for blankings, deflecting system 32 for beam size adjustable, 
subdeflecting system 34 for a beam scan, aperture masks 35 and 36 for beam 
fabrication, etc. 

[0032] And while it positions to a predetermined unit drawing field (subfield) with the 
main deflecting system 33 and the subdeflecting system 34 performs figure drawing 
positioning within a subfield, the shape of beam and a beam size are controlled by the 
deflecting system 32 for shape-of^-beam control, and the aperture masks 35 and 36 
for beam fabrication, and drawing processing is carried out per drawing stripe which 
collected the frame fields which divided the LSI chip in the shape of a strip of paper 
according to beam deflection width of face, carrying out continuation movement of the 
table 1 2 in X or the direction of Y. Furthermore, the table 1 2 was moved to the 
starting position of the following drawing stripe, the above-mentioned processing was 
repeated, and drawing processing of each drawing stripe has been carried out one by 
one. 

[0033] On the other hand, the storages 41 including a magnetic disk are connected to 
the control computer 40, and the drawing data concerning the LSI chip made 
applicable to drawing at this magnetic disk 41 are stored. The drawing data read from 
the magnetic disk 41 are temporarily stored in the pattern memory 42 as drawing data 
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for every aforementioned drawing stripe. The drawing stripe data which consist of 
drawing data, i.e., the drawing position, elementary figure data, etc. for every drawing 
stripe stored in the pattern memory 42 are decoded by the pattern data decoder 43 
and the drawing data decoder 44 which are the data decode section, and are sent out 
to a blanking circuit 45, the beam fabrication driver 46, the main deviation driver 47, 
and the subdeviation driver 48. 

[0034] That is, in the pattern decoder 43, the above-mentioned drawing stripe data 
are inputted, figure division of the elementary figure data defined as drawing stripe 
data is carried out in a figure group at drawing unit-hydrograph type groups including 
CP cell figure or the rectangle which can be formed with combination, and triangle of 
the aforementioned aperture masks 35 and 36 for beam fabrication, and it is sent to 
the beam fabrication driver 46 created based on this drawing figure information. And a 
predetermined deviation signal is impressed to the deflecting system 32 for 
shape-of-beam control of an electron optics system 20 from the beam fabrication 
driver 46, and the shape of beam and the beam size of an electron beam are being 
controlled. 

[0035] Next, the generation method of the beam in the equipment mentioned above is 
explained in full detail, drawing 2 (a) — beam passage of the 1st aperture mask 35 for 
beam fabrication — what shows arrangement of a hole — it is — one beam passage 
— a hole — 35a is formed drawing 2 (b) — beam passage of the 2nd aperture mask 36 
for beam fabrication — arrangement of a hole — being shown — **** — the 1st - 
the 6th passage — Holes 36a-36f are formed 

[0036] the beam passage to which drawing 3 was formed in the aperture image (the 
1st shaping-aperture image) of the 1st aperture mask 35 for beam fabrication, and the 
2nd aperture mask 36 for beam fabrication — signs that the electron 
optics-superposition of a hole generates the desired shape of beam and a desired 
beam size are shown drawing 3 (a) — the 1st beam passage of the 1st 
shaping-aperture image and the 2nd fabrication aperture mask 36 — a hole — it is in 
the state which is generating the rectangle beam with combination with 36a drawing 3 
(b) — the 2nd beam passage of the 1st shaping^aperture image and the 2nd 
fabrication aperture mask 36 — a hole — it is in the state which is generating the 
triangle beam with combination with 36b A rectangle beam and a triangle beam serve 
as a unit drawing figure for carrying out drawing processing of the pattern section 
which cannot carry out a package imprint in the aperture projection image of the 2nd 
fabrication aperture mask 36. 

[0037] the beam passage for CP cell projection by which drawing 3 (c) was formed in 
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the 1st shaping-aperture image and the 2nd fabrication aperture mask 36 — it is in 
the state which is generating the beam image equivalent to a part of design data with 
Holes [ 36c~36f ] one of combination Using the beam generation method explained in 
full detail above, as shown in the example of drawing 4 , the LSI chip is exposed using 
the beam for elementary figures which consists of the beam, triangle, or rectangle for 
a package imprint. 

[0038] Next, in case it draws using this example equipment, it explains how CP 
aperture figure formed on a aperture mask is chosen. Drawing 5 is the flow chart 
which showed the flow of the processing at the time of determining CP cell according 
to this example. According to this flow chart, the content of processing is explained in 
full detail. 

[0039] First, a pattern is repeatedly extracted from the design of an LSI pattern (S1). 
Subsequently, the extracted repeat pattern is divided or united, and pattern size is 
optimized so that it may become a size about [ for CP ] aperture (S2). Hereafter, it is 
made the thing which it did in this way and was optimized and which call a pattern CP 
candidate cell repeatedly. 

[0040] Subsequently, it asks for the shots per hour at the time of exposing the 
number of times of reference in the whole LSI of CP candidate cell, and each CP 
candidate cell only using a variable shaped beam (S3). For example, when the design 
data of LSI Batang which draws was analyzed, it turns out that there are four kinds of 
repeat patterns of A-D like drawing 6 . Moreover, four kinds of repeat patterns were 
optimized in the size about CP aperture size, and eight CP candidate cells A and B1 
like drawing 7 , B-2, and C1, C2, C3, C4 and D were created. However, the method of 
dividing simply is taken in this example. Moreover, the result which asked for the 
number of times of reference and the shots per hour of eight CP candidate cells is the 
following (table 1). 
[0041] 
[Table 1] 
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[0042] Subsequently, the candidate cell of the predetermined number which can be 
formed in a aperture mask is chosen from CP candidate cell, and a possible 
combination is created (S4). For example, as shown in drawing 2 , when the aperture 
for CP is possible on a four-piece aperture mask, 8C4 =70 kind combination is created 
in the example of drawing 7 . 

[0043] Subsequently, the drawing time at the time of exposing CP candidate cell 
which belongs to each combination about all the combination of CP candidate cell as a 
character cell according to the flow chart of drawing 8 is computed (S5). Hereafter, 
this calculation method is explained in detail. 

[0044] First, the whole chip is divided into a frame and sample area, and the required 
drawing time A at the time of drawing each sample area only by the variable shaped 
beam is found. Simultaneously, drawing shortening time deltaAc of each SAMPURIRU 
area for every candidate cell at the time of carrying out CP exposure of the candidate 
cell c is calculated. Here, a frame is the field which divided the drawing field into the 
stripe of the predetermined width of face decided by the scan width of deflecting 
system, and sample area is the field which divided the frame in the stage continuation 
move direction to the small field virtually. 

[0045] the drawing time A at the time of drawing the j-th sample area of the i-th 
frame hereafter only using a variable shaped beam — new — tijVSB ** — if it will 
write — the case of the above-mentioned drawing equipment — tijVSB =Nsub 
xts1+(Nshot-Nsub) xts2+Nshotxtd — It is given by (1). However, the ts1:main 
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deviation settling time ts2: Subdeviation settling time td : Irradiation time Nsub : The 
shots-per-hour subfield of the j-th sample area of the frame of eye the number 
Nshoti watch of subfields of the j-th sample area of the i-th frame: It is the field 
which can be exposed only by switch of a subdeviation. 

[0046] moreover — if shortening drawing time deltaAc in comparison with the case 
where the candidate cell c is exposed in the j-th sample area of the i-th frame only by 
the variable shaped beam at the time of carrying out CP exposure is newly written to 
be deltatijc deltatijc=(Nshot, c (VSB)-Nshot, c (CP)) x (ts2+td) — It is set to (2). 
However, Nshot, c (VSB) : it is the total shots per hour at the time of carrying out CP 
exposure of all the cells C in the total shots-per-hour Nshot at the time of exposing 
all the cells C only by VSB in the j-th sample area of the i~th frame, and the j-th 
sample area of a c(CP):i position frame. Similarly, it is tijVSB about all sample area, 
deltatijc is calculated. Moreover, it shall ask [ tijc / delta] about all CP candidate cells. 
[0047] Next, it is Above tijVSB about drawing time required about each of the 
combination of CP candidate cell mentioned above to draw the whole chip. And how to 
search for from deltatijc is explained. About the candidate cell in drawing 7 , 
combination (A, B1 f CI, D) is taken for an example, and the calculation method is 
explained. First, the required drawing time in each sample area of each frame is 
computed by the following formulas noting that A, B1, C1, and D are exposed by 
continuous path control and the remaining portion of a chip is exposed by the variable 
shaped beam. 
[0048] 

tij=tijVSB-deltatijA-deltatijB1 -deltatijC 1-deltatijD — (3), i.e., the required drawing 
time in each sample area, should just lengthen a shortened part of the drawing time by 
character-izing from time required to draw only using a variable shaped beam, as 
shown in drawing 9 . In addition, required drawing time [ in / each sample area / in 
drawing 9 (a) ] and drawing 9 (b) show the corresponding ** type view of a frame. 
[0049] Next, the stage speed in each frame is computed based on this value. First, it 
asks for the longest sample area of required drawing time for every frame, and let the 
highest speed which can draw this sample area be stage speed. That is, supposing the 
large sample area of required drawing time is the m-th sample area on the i-th frame, 
the stage speed vim is vim=l/tim. — It is set to (4). However, I is the width of face of 
sample area. 

[0050] Therefore, actual drawing time ti of the i-th frame ti =L/vim — It can be found 
with (5). 

[0051] If this processing is performed about all frames, they will be all the drawing time 
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Ta 1 1=2 f (6) 

Tall. 



It can be come out and found. 

[0052] The above processing is performed about all the combination of a candidate 
cell, the drawing time of the whole chip is found from each combination, and CP 
candidate cell of the combination from which drawing time became the shortest is 
chosen as an aperture figure for CP of a aperture mask (S6). namely, — Topt=Min (T1 
all, T2 all, — ) — CP candidate cell which belongs to the combination which gives Topt 
as (7) is created as a CP aperture figure of a aperture mask. However, Tk all It is the 
drawing time of the whole chip at the time of carrying out CP exposure of the 
combination of k-th CP candidate cell. 

[0053] Thus, in the electron beam machine of stage continuation move mode, by 
forming in the aperture mask the combination of CP candidate cell to which drawing 
time becomes the shortest, an exposure shots per hour can be lessened and, 
according to this example, improvement in a drawing throughput can be aimed at. 
[0054] And drawing time can choose easily the combination of the candidate cell 
which is the shortest by once calculating drawing time deltaAc shortened when the 
drawing time A at the time of using only the variable shaped beam of each sample area 
in this case and each CP candidate cell c are characterized about all sample area, 
and computing the stage speed of each combination of CP candidate cell, and the 
drawing time drawn from now on from A and delta Ac. That is, in case it asks for the 
repeat pattern which is effective in shortening drawing time most, a useless procedure 
can be skipped and efficient selection can be carried out. 

(Example 2) Drawing 10 is the block diagram showing the 2nd example of this invention, 
and shows the composition of a drawing data origination means to create drawing data 
from a design data especially. 

[0055] The drawing equipment of this example consists of a drawing data origination 
means 50 and a drawing means 60. The drawing data origination means 50 consists of 
the layered structure recombination processing section 51, the hierarchical 
graphic-data-processing section 52, the character-ized cell determination processing 
section 53, the character control-code substitution processing section 54, and the 
drawing data output section 55 classified by drawing field. The drawing means 60 is 
the same as that of what is equivalent to the main part of drawing equipment, and was 
shown in aforementioned drawing 1 . 

[0056] The layered structure recombination processing section 51 is pretreatment of 
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hierarchical graphic data processing following this, it reads a design data, 
reconfigurates the layered structure, and prevents that error parts, such as figure 
duplication or a gap, occur near a cell boundary by hierarchical graphic data 
processing. The hierarchical graphic-data-processing section 52 performs graphic 
data processing, such as figure duplication removal, boolean operation of figure 
between layers, resizing, and scale-factor amendment, per cell, with the layered 
structure of a design data maintained. 

[0057] As shown in drawing 11 , by making a regular pattern space into CP drawing 
field, the character-ized cell determination processing sections 53 are the other basic 
form-like beam drawing field and processing to separate, based on the processing 
result of hierarchical graphic data processing, evaluate a character-ized effect per 
cell and determine a set of a character-ized cell. By adopting as a unit of the figure 
group which character-izes the cell which the designer defined as a unit repeatedly at 
the time of a circuit pattern design, the time and effort which extracts a unit from a 
circuit pattern repeatedly is sharply mitigable. 

[0058] The character control-code substitution processing section 54 is processing 
which extracts the graphic data of the cell it was decided that characterization would 
be, and is transposed to a character control code. The character control code is taken 
as the control code which discriminates a character configuration, in case a drawing 
means generates a character beam. 

[0059] According to a drawing position, per drawing field, VSB drawing data and a 
character control code are distributed (frame field etc.), and, as for the last drawing 
data output section 55 classified by drawing field, are outputted. The drawing data 
corresponding to CP drawing method are created by the above processing. 
[0060] Next, the detail of character-ized cell determination processing is explained 
based on the block diagram of the character-ized cell determination processing 
section 53 shown in drawing 12 . The character-ized cell determination processing 
section 53 consists of cell information analysis section 53a, first candidate cell 
selection section 53b, candidate cell reconstruction section 53c, 53d of the second 
candidate cell selection sections, and character-ized effect evaluation section 53e. 
[0061] Cell information analysis section 53a reads the graphic data in a cell and cell 
arrangement data which it is as a result of [ of hierarchical graphic data processing ] 
processing, and creates a cell information table. This cell information table consists of 
items, such as a shots per hour at the time of drawing with the cell identification 
number assigned by each cell, the cell size which is the size of the circumscription 
rectangle of the figure defined in the cell, the total number of references in the chip of 
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the cell, and a basic form-like beam, and a shots per hour at the time of 
character-izing. 

[0062] Based on this cell information table, the comparatively high cell of a 
characterHzed effect is chosen as a first characterized candidate cell by first 
candidate cell selection section 53b, the number of the cells set as the object of 
future processings is extracted, and the processing load is mitigated. 
[0063] By character-izing a cell in a unit, it becomes sharply easy to extract a unit 
from a circuit pattern repeatedly. However, the size and the number of kinds are 
arbitrary because of the figure group as which, as for the cell, it defined at the time of 
a design. On the other hand, as for the character, size and the number of kinds are 
restricted from restrictions of equipment specification. Therefore, the first character 
candidate cell may be unable to be characterHzed as it is. Then, while making it a 
suitable cell size, it is necessary to reconfigurate the content of a definition of a 
candidate cell so that the maximum practical use of the limited number of character 
kinds can be carried out. The following processings are performed in candidate cell 
reconstruction section 53c. 

(1) Explain the detail of each content of processing below to the partial extraction (3) 
pattern-recognition (4) array reconstruction (5) cellular splititting of the partial 
expansion (2) pattern of a layered structure. 

(1) As shown in the partial development 13 of a layered structure (a), array 
arrangement of the cell B shall be carried out within Cell A, and reference 
arrangement of the cell F shall be carried out by four kinds of orientation within Cell B 
(the subscript of F shows orientation). If this reference structure is expressed with a 
face-side notation, it will become drawing 1 3 (b). The cell size of Cell F is 1/2 or less 
[ of the maximum beam size ], and if Cell B is characterized in a unit, it can carry out 
package drawing of the field of four cells F. However, although reference arrangement 
of the cell F is carried out within Cell B, a figure is not defined, but contents will 
become an empty character if Cell B is characterized simply. 

[0064] Then, a low-ranking layered structure is developed from th<e specified cell, and 
it gives the cell which specified the figure defined by the low rank cell. The figure 
defined by this example in the cell F1 currently referred to below in the cell B - F4 is 
given to Cell B. Thereby, the characterized effect of Cell B increases. 

(2) As shown in partial extraction drawing 14 of a pattern, if it is an analogous pattern 

> 

at Cell F, as for Cell E and Cell P, a similar portion can be started and it can replace in 
the same character, the efficiency of character drawing will increase. Then, the 
function which cuts down some patterns in a cell and is used as a new candidate cell 



-19- 



is needed. 

(3) Although pattern recognition cell identification numbers differ, the same pattern 
may be defined as the interior. If these are extracted as a separate character or VSB 
drawing of one side is carried out the efficiency of CP drawing will fall. Then, pattern 
recognition is performed, a pattern is inspected and a cell identification number is 
unified about the cell of the same content. If it combines with pattern partial 
extraction of the preceding clause (2), it will become possible to character-ize a part 
of cell containing a similar target 

(4) The example by which array arrangement of the candidate cell smaller than the 
array reconstruction maximum beam size is carried out is shown in drawing 1 5 . When 
the maximum beam size is 2 micrometers, it is [ 3 micrometers and the array 
arrangement pitch of the least common multiple of the maximum beam size and an 
array arrangement pitch ] 6 micrometers. If a candidate cell is developed in this field, a 
3x3=9 piece cell will enter like drawing 1 5 (a). If this is divided with the maximum beam 
size, it will be divided into four cells like drawing 15 (b), and array arrangement 
structure will be reconfigurated. If the cell created by this array reconstruction is 
character-ized, respectively, although the number of character kinds will increase, the 
total shots per hour decreases. In the example shown here, the number of characters 
increases from one piece to four pieces, and the total shots per hour is decreasing to 
four ninths. 

[0065] After performing the above candidate cell reconstruction, the candidate cell of 
a predetermined number is chosen as a second candidate cell by the 53d of the 
second candidate cell selection sections, and character-ized effect evaluation section 
53e estimates a character-ized effect If a difference with the drawing time the case 
where VSB drawing of the selected second candidate cell is carried out as an 
evaluation norm of a character-ized effect here, and at the time of character-izing is 
computed and used, evaluation more near reality can be performed and it will become 
possible to evaluate a suitable character-ized effect 

[0066] Furthermore, while changing various combination of the second-chosen 
candidate cell and evaluating a character-ized effect, depending on the case, it can 
ask for a more suitable character set again by repeating candidate cell reconstruction, 
the second candidate cell selection, and character-ized effect evaluation. 
[0067] Thus, according to this example, before constituting the drawing data 
origination means 50 like drawing 10 and separating a VSB drawing pattern and CP 
drawing pattern, the drawing data with which adjustment with the pattern which can 
extract easily the figure group which carries out package drawing by the character 
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beam from design pattern data, and carries out VSB drawing was also maintained can 
be created by performing hierarchical graphic data processing. And since a set of the 
extracted character figure will become suitable, the time which drawing data 
origination takes can be shortened and a drawing throughput can be raised. 
Consequently, the productivity of LSI can be raised while raising the operating ratio of 
an electron beam exposure system. 

[0068] In addition, this invention is not limited to each example mentioned above. 
Although the combination of a candidate cell was searched for in the 1st example, 
having used as four pieces the number of the character cells formed in a aperture 
mask, the number of character cells is not limited to this, and can be changed suitably. 
Furthermore, it is not necessary to necessarily make the number of character cells 
regularity, and it may make the number of character cells adjustable with the size of a 
candidate cell. For example, what is necessary is just to search for the combination of 
a candidate cell, as the sum of the area of each candidate cell goes into 
predetermined within the limits, when the sizes of a candidate cell differ. 
[0069] Moreover, the composition of the equipment for carrying out this invention is 
not limited to drawing 1 at all, and it should just draw the frame divided into 
predetermined width of face one by one, carrying out continuation movement of the 
stage in which the sample was laid using the aperture mask with which the aperture 
for elementary figures and the aperture for characters were formed, furthermore, 
although the example explained the electron beam machine, it comes out not to 
mention being applicable similarly in an ion beam aligner 

[0070] Moreover, it is also possible to aim at much more improvement in a drawing 
throughput by using combining aperture pattern determination processing in which it 
explained in drawing data origination processing in which it explained in the 2nd 
example, and the 1st example. In addition, in the range which does not deviate from 
the summary of this invention, it can deform variously and can carry out. 
[0071] 

[Effect of the Invention] Drawing time deltaAc shortened when the drawing time A at 
the time of using only the variable shaped beam of each sample area and each CP 
candidate cell c are characterized according to this invention (claim 1), as explained 
in full detail above is once calculated about all sample area. By computing the drawing 
time drawn from A and delta Ac the stage speed of each combination of CP candidate 
cell, and from now on The effect of CP drawing method can fully be demonstrated, 
very high drawing of a throughput can be performed, and it becomes possible to 
realize the electric charge beam drawing method that CP cell which should moreover 
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be formed in a aperture mask can be extracted easily. 

[0072] Moreover, according to this invention (claims 2-4), the processing which 
separates the pattern by which VSB drawing is carried out, and the pattern by which 
CP drawing is carried out is preceded. The configuration of a character beam is 
determined by making the figure group (cell) used as the batch of hierarchical graphic 
data processing into a unit. By replacing the characterized figure group by the 
continuous-path-control code, and outputting a VSB drawing pattern and a 
continuous-path-control code as drawing data per drawing field The figure group 
which carries out package drawing by the character beam can be easily extracted 
from design pattern data. And adjustment with the pattern which carries out VSB 
drawing can also be maintained, drawing data can be created, and it becomes possible 
to realize the electric charge beam drawing equipment which shortens the time which 
drawing data origination takes and can aim at improvement in a drawing throughput. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The outline block diagram showing the electron beam exposure system 
used for the 1st example. 

[Drawing 2] The ** type view showing the structure of beam fabrication aperture. 
[Drawing 3] The ** type view showing the configuration of a shaped beam. 
[Drawing 4] The ** type view showing the system of drawing data. 
[Drawing 5] The flow chart which shows the processing outline in the example method. 
[Drawing 6] The ** type view showing the example of the repeat pattern which draws 
in the example. 

[Drawing 7] The ** type view showing the example of CP candidate cell used in the 
example. 

[Drawing 8] The flow chart for explaining processing of the drawing time calculation in 
an example. 

[Drawing 9] The ** type view showing the method of the stage speed calculation in an 
example. 

[Drawing 10] The block diagram in which being for explaining the 2nd example and 
showing the composition of a drawing data origination means. 

[Drawing 1 1] Drawing showing the example of a pattern of a character beam drawing 
field and a basic form-like beam drawing field. 
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[Drawing 1 2] The block diagram showing the composition of the characterized cell 
determination processing section. 

[Drawing 1 3] It is a view in order to explain partial expansion processing of a layered 
structure. 

[Drawing 14] Drawing for explaining pattern partial extraction processing. 

[Drawing 1 5] Drawing for explaining array reconstruction processing. 

[Drawing 1 6] The ** type view for explaining the drawing method of the conventional 

stage continuation move mode. 

[Description of Notations] 

10 — Sample room 11 — Sample 

12 — Table 13 — Table drive circuit 

14 — Position circuit 20 — Electron optics system 

21 — Electron gun 22-26 — Lens 

31-34 — Deflecting system 35 36 — Beam fabrication aperture 
40 — Control computer 41 — Magnetic disk (storage) 
42 — Pattern memory 43 — Pattern data decoder 
44 — Drawing data decoder 45 — Blanking circuit 

46 — Beam fabrication machine driver 47 — Main deflection-circuit driver 
48 — Subdeflecting system driver 50 — Drawing data origination means 
51 — Layered structure recombination processing section 52 — Hierarchical 
graphic-data-processing section 

53 — Characterized cell determination processing section 54 — Character 
control-code substitution processing section 

55 — The drawing data output section classified by drawing field 60 — Drawing means 



[Translation done.] 
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-fS^t- 4Wr«tr - A«HWffiRc«Siii*jB«:H-r 

[0002] 



3 

[0003] coift-ABjoatLtB. ee*. 

tfVisT> • tr-A^lU^l^tf-AK<fc^Tl>fo«>S 

[0004] iC^r, CPM^I^t-Ag^g 
* vx * &c £<Dm&m ^xmj&ffi fcffliitr cc <fc T ffia 

[0 00 5] f KD«6*Wi-lt 4 mif5- 133 1 

sec. m%w?vv z^-zicttLrmyt^a ? b<om 
mm? z> ?u vz* % -y\m^m:mx- tcmfc 

[-0006] 92©Stttfli bX. HNHPF4 - 3 2 0 0 

2 i -^f&fgccteurte:, y^-^^x^ccffi^i^tf^ 

mwmmm b < e> , wibx^h^ 

[0007] iC^t. lft'-A^Ig(Clt fiaB 
X<fcW*ft HI 6CC^*r<t^{C. CCD}? 

A^ficcjsiauTtf <#=st**. a*>\ XTT-^aj* 

» «■ 7 U - A r — M X ft 3 4> <z> <b -r & . 
[0 00 8] C©<t5 0:X^-^aJK«tt<D«^fcf-A 
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fg? u-A©fiHi^ra©*P<txf--^ffir©W0«UO 
courts, isiH^pa»xf-^itflitc<feor 

[0 00 9] »3<Dttt*Wi0r, »58¥4-6 1 2 2 
10 Xf-P**|®tc^tt3i±£C<ha< , 

mB£*tmTZ> 9 ZbX, cn6(DiA-B^SAt' 

-A«^iiii^^sns«Affiis^Pda©«ic%m2»^5 

[0 0 10] C<D<fc3K, CPM^JIffll/clT-t^ 

[oo i i] bfrute&h. x-f— ^iSK^ttjsia&s; 
30 jgri5te£3*i4. s^u-a<dxt— ^u- 

S*-> 3 y h ©IBR^tt < tc&JIRCC C P 

©K«»3;airK:j:oT«, x^- vaattfigutitT* 

fit o r ImfflcD x ^ h ^[S]± o & l ^ I ^ RH^ 
[0 0 12] #3CC)«t*«^6«»Cc5IWiS*i4- 

^ C a 5 i t » 9 KiS aD« t» s n * o 

[0013]-*, CP^SfflL/c^t-Afi 
ig|B*ffll»rH8S^^->*SBi-r*»^, CAD (Co 
50 mputer Aided Design ) ^CD@g§^£ — >Htt^ 



(4) 

5 

t'-^&j i^-et^,, ^*©v s B^iSiii^g' 
tc^fjrS^- f - AJSBBr- 2 ^«>©&HII*m£ $ <k » 

(1) l/-^t-W^IIS(AND, OR, NOT 

^) 10 

(2) (^sK3te©i»±*ew) 

(3) 'Jlf-rX (**>/»«>) 

(4) {S^ttiE <jfc*/tt/f0 

(5) mmms. mm/mm 

(7) £*iajg£*ll (Wffi&Siic*Ji-5Smrj:g*®Bic 

5tm/~mx) 

IsXtUf}) . 20 

lg#Jfc-fe ^#M«jfi«r*fH# L * S±iaHJI5*Uffi*fT 5 
[0014] C P#«*Sffl0fcJHBi8BK. «WJW'5 

[0015] c©»*«Hitt, 0»^*->%itjasrs 
m&** + v9*mR£\sxmz\ti-?>s!mifiibz>. -e© 

B$tc«. v S B fSH^' $->iC PfiSili^ - £ - >©lffl{c 

mm.wsm.te <t? ©jsmt 1 - *±©x-7 40 
tfsffi&rissf-c&s,, c<Dtc#>. ?~&wstmifi&< 

[0016] 

'[IBIBjWIRfeLJ^&'rSiWHJ C(D£5t,Cft%:, CP 50 
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p-fe;i/i LTegfflt>rfe. ->a ? ^©fflS©^-^* 
^-^©Begu^ i'(c j; -5 -cttx^-sotftrf^b 

"C«, ^T©ffi^t)1±© 1 o 1 -otc-oc>T. 81 9 SI U 

[0017] $fc, cp^^isfflbfcMSf-Affiia 

> £ + -5 * £ M— A (t J; o X C Pimm? £ Z - > t 

<Dtc#><D<f- n m®mr&&& < & 0 . Jos ^ * 7- a£{* 

[00 18] *|BWtt. ±3S*f»***L-r*Stifcfe 
©-C, -^BWiTSiC^*. CP«H;£5£©2fc3i£ 
+»{c^Jsorxjb-^y H©&£>-tm>fHiii£fT*5 c 

[0019] sfc. *»K©ffioaw». 
f 1 - 3? & 6 * +• 9 * 2 f- a (c j: 0 — fsJiH-r s mmm 
^if^tcffltt-r-sct^-c*. ^-3vsBfiiia-r6/-t$ 

->i©^14 tfilo-CfSllif- SffcfPJjX-f -5 C 4*5 -c 
Sfflf !r -*ffi(SKS'i--5i»lH*®BLrilSiii^;u- 

[0020] 

T'Jl'X LI ?<D^m$M t'- A©^?rffll,^cJ«^©fi5iIiB$ 
IBA<bSCP|R»*^e** + 9^5»{tOfcJii&{C3aii 
$n-5>fialiiB#raAA c i^^>7'Jl/X >J TfC-^Lir— 
H5f?S!>-r*5*, AtAAc^6CPjgIt*©&l^ 

toi±©^^-i?jiSRa s cti*»e.j»*»*isfiSia^ra*» 

[0021] ap%. *fgHj (it^ 1 > s*s^cc 
*ti£;-rsfiK^f-A*BBS-rsfc»©S2|s:0^fflr^-- 

Mug (5u-a) **^diiii-r*aae-A«sii* 
?S(cfc(,^-r, }SHT-<grB'fM©7 :r -^©cp*e>^0iiu 



(5) 
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> >oux y rzm&mnmT-x--* •* <o^m^x^m 
t i> (c&s&simg a 4 & * ©fgti-fe ^ K*t l ;u 
+• 5 * jt-fb b-zmmL-tcmscD&mM&fffl a a c 4 

^rCD1f>^UX y TK-3l»-C^2sf>fcgi. ©iigfiti 

r©ffl&^:b-y-£m&U ^-c©fi*^to#ic*fur. 

»j£T4J®««FlBAAc<DfD*fiaBlfiSlfflA*69l< Ci 

tcio. #*©-9->^xyr«:4JW*JtIii«WB'fellttH 

&fcm>f£*§4z;U©ffl^£fc1*£5fr&, C ©Sffl^^bti- 

[0022] ccv. urnxDmnu^mmmmt lx 
». ^cD*>o*s*if ens. 

CD x^-^©*£8WIlS£. &7U-AffCc«aKCS9flE 

x y r cdiPI/t tcj; otxf- p#wjiia*S5rr 

(2) r^-?t7X^«:MtS+i'7i'iH:JKDSS4 

(3) T^'-f + -7X£{cj|5J£-f 5*#-fe;U©gt4 
«MI-fe;wo'*#3«:j:»3«ISt«:L,r. l*»-fe 

4. <£D ftteWOctt. &<?©<i£*i-teJU©ffi« 
©ffl^BfTjESBHrttcASi 9« or«s*l-fejuo«*^to 

[0023] ttc, ##PJ©5?iJ©#^-«. V S BffiiBS 30 

u vsBma><*- % sR&cptmx- vtwrnmrn 

[0024] IP*>. *«W (ft^2 ) tt. JUSTUS* 
*5l»T. L S I ©IS:fft>'^->7 r -^A>e>fiaEi^*^-> 
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l^r£**^£££;£^ag|S4. * + 5** If- Ait J: 

0 * - >» * c - A««o«sii**-riM® a 

#7f21# t - A K J: 9 JSiST 5 * - >©0 Jfc ?- * 4 * 
[002 5] C CT. ##SHJi©S* LV»**»Bi L-C 

» MEKCMf + V^^t'-A}ft»->3 u> h»3»»i&iEc-& — 
Bfl»-feA** + SM-bAi UTjMfR-f SIS 1 
/cH2 )UD'i Z - >S«rtS*JHX-J-S^ + 7 ? *{fc«3« 

a»?-r**2yc*i-5f *^b«ii-b;WBW«a, muz 

f *{t«*nsjnfl«fis*!!ffi. jh 2 + 5 ^ mtmm-t 
*m&MMR&++* 9 mmwfflmjmtmy&vx 

(2) *+*»*{tm*is*mm&Em"ci** 

1 A ^ - >JfctK#|3)-©-te JU * |5l D -fe JU i v-c £ 
5^<i:S^t-A^1£©JI^4HStS:^J6r^©ffiffil*3{C 

^a-rsci. 

(3) + + 7i'^9i^a8i5-c+-»'7?$ft^j* ; &iffi-r 

■5,^©l¥»I«54Lr, **?f^e-AlcJ;t3}Silibft: 
^©ffiiSB$ra 4*i-^i'^t*-A5cJ:0}fiiib /c^©ffi 

BfT^/c W + f v ^ ^ f t-r -5 C 4 . 

(4) * + -7**&s®asB«*$w50jf^a4or> 0 
^nstt^. u-f+>-raiia*iftfflaw. mwafamm 

WVtoB&fmgLU *%MU 4 Mr 5 C 4„ 
[002 6] 

x y 7&m*®&mT >*- * + ©^ffl^-cffini-r 

!&HfrJ8i®H#ia A4^ffl-fejb*+*5^^{bL-rjai®u 
fc»^®®(8«flB A A c 4 *-ffi*&n« . C P M?i42 
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CPJSiiWSCoa**+*K|^U'C^Jb-7 r » h 
[0 027 ] *fc. (W^2-4) (Cjrnt*. 

mm 1 <, > -a * ^ - «0f wim. > w a© sb -r- # & jsr* io 

[0028 ] Pi@fttlH?f^I<DMaWii[S](;42 

vs Brant c Pis® 

©i^l|BI«-C*i.5**^t«!)#*iPfli-r*fc», J: 20 

[0029] aa^oL s i (DWLtoittmmmtoimz 

^cc^i£T-5«lii7 ; --$^fcs-rsMfflB#ra5r Kaffir 
* •£> tf*» •) -c * < mmmmife t ei«* cc* a a c t #«t 

[0030] 30 
[IBM*] feTF. *»!8ogBK«fcHlf*#JI8L-riiW 

csustaj nil si. 1 (ommmicmmbtc 

?rp b- i*.nftmm.*^-?$mw$m-c#> z> , m<pi o 

WS*f4£"C & 0 . C ©fsSfcl^ 10rtK «¥i§# 3 
IX tt#9;*^;* 1 1 %8SUfcf-^ 
Uf-y) 1 2*iJD?S3tl-Ct,>S. f-^H2tt, 
f— TWUbHRl 3fcJ:*)X:#l*l (iffiH2E^(Sj) S 

•yju 1 2 cDfis«. u— *fMfi«-*tffl(,>fc{iana» 1 40 
. [0031] mm 1 oco±*cc«. tr-A*9tjfi 

2 0*5iBH3tir^S. CO*?I2 0tt, m-?-S£2 
1. MU>^2 2~2 6. •/v>*>yffl«[S)li3 
1, b'-A^&oMffl{il|Sjig3 2, t-A^2ffl©§iJ<l 
|6)3f3 4R?>'fc'-A)$0ffl7A--? 1 'i>v;*<?3 5, 3 6 
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7^ + 7X^35, 3 6(CJ:0 f-AfttMK- 

gram* h7-f y^m-xmmmmr^^(D^rj:^x^ 

[0033] W«H#«4 0 (CSOfcl?* -f * 

-<%t>4 ltcfiSllStffli-r^LS I 

# - >y * 4 2 Ktg^^ ^/cssiix y'moi&m 

{c«fc»)JBR3*i. ^^>+>^liISS4 5, b'-A^h* 
7-/^4 6, i<g[SjF5-Y^*4 7 R^J-llSl K^-f^'4 

[0 034] BU*>. /S$->fa-^4 3ttt, ±ieii 
Six h^-Y^'x-^^A^l/. ISffii^h^ A-lf—ZL 

u tfemz ti-c ^zwxsm?- * *WBtr- a^^ 
c p * Jna*x«>6»-«>Hft BZtesb i r sjaiam 

ffiBH^P«:ia»W«:'iaJB»«l bt, c ©fiSBil3JI5tSfR{C 
S^^-C^Sti-Sti'-A^ K7-fA'4 Qicm^ti 
-g-LT. e-A^K7-Y^4 6*^S^^2 

JjDSftT. mi- Z-Jx<D f — AJfJtfcRO'b'— A^"ffi*l$)J 

iusfts *>©&&-? -cos. 

[003 5] ^tc. ±K6L/c^g(cteW.St'-A(D^^ 
^{COHTffar*. 0 2 (a) «. ^l©t'-AfiS 
ff^r + >7 3 5 © f - Aiii§fL©iE®£^-f 
fc©r. 1 o©b-Ajlj@?L3 5 a*5JfJfK3tirc^„ 
H2 (b) «. I20t-AWI7A-?-tv^{'3 
6©b-A®jt?U>l2g*^LTfei3, »1~»6©M 
jl?L3 6 a~3 6 f frWitfZZftX 

[003 6] 03 «. fill ©b-A)j£Jf5ffl7-''C-3 : '-frV 
Xi?3 507«-fti (® 1 iSmrrt-?-*®.) tm 
2<Dt:-AfmWr^-^ tv^?36 CCjfJfiXS Wet* 

- j*mmi<Dm*%;¥Mmti&t>mc j: o ©fs© b- a 

^ttRO'b-A^5:^T^^5r^UrC^ 0 03 
(a) «. ■01^T^--^ + ^iH2-ffi^T>'f-^ + 
v^i?3 6 ©Iff 1 (Db'-Ajijt?L3 6 aiOffl^fbt 

<b) \t: m 1 fitter^-** mtm2i&mT'<-? + 

-7 3 6 (Dm ^©b'-A3ijfi?L3 6bi©ii^bt 



